ADDITIONAL INDEX WORDS. black plastic mulch, cereal rye, cover crop, cucurbit, roller crimper, spunbonded SUMMARY. Increasing interest in using cover crops and reduced tillage to build soil health has created a demand for strategies to implement rolled cover crop systems. In northern areas of the United States, cool soil temperature in rolled cover crop systems can create a challenge when growing warm season vegetable crops. The use of rowcovers could mitigate the issue and facilitate adoption of rolled cover crop systems for both conventional and organic growers. This study investigated muskmelon (Cucumis melo) in two production systems, strip tillage (ST) into rolled cereal rye (Secale cereale) or conventional tillage with black plastic mulch (plasticulture), with or without the use of spunbonded polypropylene rowcovers. The trial was conducted in two fields, one in organic management and the other in conventional management. In general, ST led to cooler, moister soils than plasticulture, but rowcovers rarely affected soil temperature. Rowcovers increased mean and maximum daily air temperature by up to 4.2 and 11.7°C, respectively, and decreased average daily light intensity by 33% to 37%. Rowcovers sometimes increased fruit size, but rarely affected marketable yield. Overall, ST reduced marketable yield compared with plasticulture by 6732 to 9900 lb/acre; however, ST with rowcovers often produced similar vegetative growth compared with plasticulture without rowcovers. Given the slow vining growth habit of muskmelon and the late planting inherent in a rolled cereal rye system, achieving high muskmelon yields, especially early yields, may be difficult.
SUMMARY. Increasing interest in using cover crops and reduced tillage to build soil health has created a demand for strategies to implement rolled cover crop systems. In northern areas of the United States, cool soil temperature in rolled cover crop systems can create a challenge when growing warm season vegetable crops. The use of rowcovers could mitigate the issue and facilitate adoption of rolled cover crop systems for both conventional and organic growers. This study investigated muskmelon (Cucumis melo) in two production systems, strip tillage (ST) into rolled cereal rye (Secale cereale) or conventional tillage with black plastic mulch (plasticulture), with or without the use of spunbonded polypropylene rowcovers. The trial was conducted in two fields, one in organic management and the other in conventional management. In general, ST led to cooler, moister soils than plasticulture, but rowcovers rarely affected soil temperature. Rowcovers increased mean and maximum daily air temperature by up to 4.2 and 11.7°C, respectively, and decreased average daily light intensity by 33% to 37%. Rowcovers sometimes increased fruit size, but rarely affected marketable yield. Overall, ST reduced marketable yield compared with plasticulture by 6732 to 9900 lb/acre; however, ST with rowcovers often produced similar vegetative growth compared with plasticulture without rowcovers. Given the slow vining growth habit of muskmelon and the late planting inherent in a rolled cereal rye system, achieving high muskmelon yields, especially early yields, may be difficult. C urrent cucurbit production systems in the United States often rely on tillage and plastic film mulches to create favorable growing conditions of warm soils and minimal weed pressure around plants; however, there are environmental concerns about the disposal of plastic mulches (Hemphill, 1993 ). An alternative would be to use biodegradable film mulches, but they are often prohibitively expensive (Kasirajan and Ngouajio, 2012) . In addition, to achieve adequate soil to plastic contact with film mulches, intensive tillage is used, but this practice can degrade soil health as it can harm soil microbes (Jackson et al., 2003) , decrease soil carbon (Roper et al., 2010) , and decrease earthworm diversity (Pelosi et al., 2014) . These factors, and others, are indicators of soil health, as they can be used to measure the soil's ability to sustain and support a viable ecosystem. Interest in preserving soil health and building topsoil is increasing among organic and conventional growers, and a focus on cover crop usage and reduced tillage systems could minimize negative impacts on soil chemical, biological, and physical properties (Balota et al., 2014; Doran, 1987; Roper et al., 2010; Wyland et al., 1996) .
Reduced tillage systems can produce similar or greater yields compared with conventional tillage systems in several vegetable crops such as carrot [Daucus carota (Brainard and Noyes, 2012) ], cabbage [Brassica oleracea (Haramoto and Brainard, 2012) ], pepper [Capsicum annuum (Delate, 2008) ], pumpkin [Cucurbita pepo (Rapp et al., 2004) ], summer squash [C. pepo (Nesmith et al., 1994) ], sweet corn [Zea mays (Luna and Staben, 2002) ], and zucchini [C. pepo (Canali et al., 2013) ].
Although reduced tillage systems can increase long-term soil productivity and health, several drawbacks may discourage the adoption of these practices. Growers may confront issues with soil compaction (Salem et al., 2015) and weeds in the years transitioning to reduced tillage (Peign e et al., 2007) and soil temperature can be reduced when some reduced tillage strategies are employed (Canali et al., 2013; Licht and Al-Kaisi, 2005) . Depending on the crop, location, and time of year, growers may face reduced yields compared with conventional tillage (Bottenberg et al., 1997; Hoyt et al., 1994) .
One method of reduced tillage involves seeding a cover crop in the fall, most commonly cereal rye, and allowing it to reach anthesis in the spring. A roller crimper is then used to kill the cover crop, thus creating organic mulch for the cash crop. Cash crops could be planted either using a no-tillage approach or by creating a narrow tilled strip into which cash (Leavitt et al., 2011; Smith et al., 2011) , soil erosion protection (Creamer and Dabney, 2002) , and preservation of soil structure. In addition, ST provides warmer soil in the planting zone compared with no till (Licht and Al-Kaisi, 2005) . However, rolled cover crop mulches can tie up nitrogen (N) in grass-based cover crop systems (Delate, 2008) and decrease soil temperature compared with conventional tillage (Leavitt et al., 2011) . Crop planting may also be delayed since cereal rye must reach anthesis to be effectively ended by a roller crimper (Mirsky et al., 2009 ). Nevertheless, rolled cover crops are becoming an increasingly popular strategy in reduced tillage operations. Rowcovers can increase temperature of both the air and soil (Gogo et al., 2014; Ibarra et al., 2001; Nair and Ngouajio, 2010) , and have been shown to increase yields in various vegetable crops such as muskmelon (Cline et al., 2008; Saalau Rojas et al., 2011) , french bean [Phaseolus vulgaris (Gogo et al., 2014) ], and watermelon [Citrullus lanatus (Soltani et al., 1995) ]. Rowcovers serve as a physical barrier for the plants, reducing insect damage, disease spread (Saalau Rojas et al., 2011) , and movement of pests that lay eggs near plants (Cline et al., 2008) . This can be particularly important in regions where cucurbit bacterial wilt (Erwinia tracheiphila), spread by spotted and striped cucumber beetles (Diabrotica undecimpunctata and Acalymma vittatum, respectively) is a major factor in yield loss.
The goal of this experiment was to determine if a rolled cereal rye ST system could be as productive for muskmelon in Iowa as a standard system of plasticulture through the added use of rowcovers.
Materials and methods

Study site
The study was conducted at the Muscatine Island Research and Demonstration Farm in Fruitland, IA (lat. 041°21#15## N, long. 091°08#08## W). Fields used in 2013 and 2014 were adjacent. The 2013 field had been previously in a poor stand of sorghum sudangrass (Sorghum bicolor), and the 2014 field had been previously in a corn/soybean (Z. mays/ Glycine max) rotation under conventional management. Soils are categorized as well-drained, fruitfield coarse sand (sandy, mixed, mesic Entic Hapludolls).
Experimental design
In each year, a split-plot design with four replications was used in adjacent organically and conventionally managed fields. In both years, the organically managed field was not certified organic. Production system was the main plot factor (ST into rolled cereal rye or conventional tillage with black plastic mulch) and rowcover was the subplot factor (rowcover or no rowcover). Experimental units in each replication consisted of 18 plants per 31-ft row. One row of muskmelon separated whole plot treatments and acted as a guard row, as no data were collected from it.
Field implementation
Organically and conventionally managed fields were separated by a 12-ft-wide buffer area. Organic management consisted of using organically certified seeds, fertilizer, and insecticides. Conventional management consisted of using treated seeds and synthetic fertilizer, insecticides, and herbicides.
Field operation timing is summarized in Table 1 . Cereal rye was drilled in Oct. 2012 at 50 lb/acre. Because of a marginal cereal rye stand in 2013, the rate was increased to 110 lb/acre the following season.
To prepare ST plots, cereal rye was rolled with a roller crimper (I & J Manufacturing, Gap, PA) within 1 week of reaching anthesis to maximize kill and minimize regrowth (Mirsky et al., 2009 ). This was followed by a single pass of the strip tiller (6000 Strip-Till; Hiniker Co., Mankato, MN). When establishing the strips in 2013, it was challenging to get the strip tiller to run smoothly because of heavy cereal rye residue, so in 2014, an extra pass with the strip tiller was made in April before cereal rye stem elongation. Distance between melon rows was 6 ft center to center. Drip tape (12 inches emitter spacing, 0.45 gal/ min per 100 ft) was laid on the surface in the strip tilled region.
To prepare the plasticulture plots, cereal rye was mowed and tilled in May. The plots were again tilled in June before using a plastic mulch layer to create 6-ft center-to-center raised beds and lay drip tape under black plastic mulch (0.9 mil thick, 4 ft wide). A timer was used to irrigate all fields with 0.07 inch/d of water initially, gradually increasing to 0.27 inch/d by the end of the season.
Granular fertilizer was applied and incorporated after tillage operations, but before establishing raised beds. Rate of fertilizer application was based on a preplant soil test for N, phosphorus (P), and potassium (K). In 2013, ST plots received half of the total fertilizer preplant and the other half at rowcover removal, whereas plasticulture plots received all fertilizer preplant. Total fertility applied was 95 lb/acre of N using urea (46N-0P-0K) for conventional plots and an organic fertilizer with the composition of 5N-0.4P-0.8K (Fertrell Co., Bainbridge, PA) for organic plots.
In 2014, a system was designed for the conventionally managed field to fertigate N through drip irrigation. We were unable to find an organic fertilizer compatible with our fertigation system. The conventionally managed field received one-third of the total N fertilizer preplant and the rest through fertigation. All K fertility was applied preplant. The organically managed field received all fertilizer preplant. Total fertility applied was 150 lb/acre of N and 83 lb/acre of K using urea and potassium chloride [KCl (0N-0P-49.8K)] preplant and urea ammonium nitrate (32N-0P-0K) through fertigation for the conventional field and 4N-0.9P-3.3K (Fertrell Co.) for the organic field.
Untreated 'Athena' muskmelon seeds (Syngenta Seeds, Gilroy, CA) and organic potting mix (Mix #11; Beautiful Land Products, West Branch, IA) were used for the organic field, and insecticide-treated seeds were used for the conventional field. Seeds were planted into 98-cell trays in mid-May of both years. Transplants were planted using a mechanical transplanter (Mulch Planter 1265; Holland Transplanter Co., Holland, MI) in early June of both years with an in-row spacing of 22 inches.
Wire hoops were placed every 4 ft down the row and spunbonded rowcovers (Agribon AG-30; Polymer Group, Charlotte, NC) were installed the same day of transplanting. Rowcover edges were buried in plasticulture plots and were weighed down with water-filled lay-flat hose in ST plots to avoid disturbing the rolled cereal rye. These methods also prevented tearing the rowcover fabric so it could be used again. Rowcover ends were opened and pinned up when 50% of plants had female flowers. Rowcovers were removed 7 d later.
Plots with no rowcovers received an insecticide treatment at planting. An imidacloprid drench (Admire; Bayer CropScience, Research Triangle Park, NC) was used in the conventionally managed field and spinosad (Entrust SC; Dow AgroSciences, Indianapolis, IN) combined with a feeding stimulant (Cidetrak D; Tr ec e, Adair, OK) was applied as a band spray in the organically managed field. After rowcovers were removed, plants in the organically managed field were sprayed weekly with kaolin clay (Surround WP; Tessenderlo Kerley, Phoenix, AZ), an insect deterrent. Weekly scouting was used to monitor insects and diseases for further sprays, which included permethrin (Pounce; FMC Corp., Philadelphia, PA), chlorothalonil (Bravo Ultrex Weatherstik; Syngenta Crop Protection, Greensboro, NC), and myclobutanil (Rally; Dow AgroSciences) for the conventional field and spinosad, pyrethrin (Pyganic; McLaughlin Gormley King, Minneapolis, MN), copper, sulfur, and neem oil (Trilogy; Certis USA, Columbia, MD) for the organically managed field. In 2013, one cucumber beetle per plant was the threshold for spraying. In 2014, the cucumber beetle thresholds were 0.5 beetle/plant preflowering, 1 beetle/ plant during fruit pollination, and 3 beetles/plant at vine touch. In 2013, the entire conventionally managed field was sprayed with a grass herbicide (Poast; BASF Corp., Research Triangle Park, NC) on 9 July. In both years, plots were hand weeded after rowcover removal.
Data collection
ENVIRONMENTAL MONITORING. Hobo temperature sensors (Onset Computer Corp., Bourne, MA) were placed 6 inches below soil surface between two plants within a row in three replications in the conventionally managed field. Temperature was recorded by the sensors every 60 min from date of transplant until last harvest. Temperature/light sensors (Hobo; Onset Computer Corp.) were attached to wooden stakes and installed between two plants within a row in three replications in the conventionally managed field. Sensors were 6 inches above soil surface. Air temperature and light intensity were recorded by the sensors every 30 min from date of transplant until last harvest. Soil moisture sensors (10HS; Decagon Devices, Pullman, WA) were inserted horizontally into an exposed surface of soil 6 inches below the surface between plants within a row in all no-rowcover treatments in four replications in the conventionally managed field. Soil moisture was measured only in the no-rowcover treatments because we were not interested in the effect of rowcover on soil moisture. The attached data loggers (Em5b; Decagon Devices) recorded volumetric water content every 60 min throughout the growing season until last harvest. Environmental monitoring occurred solely in the conventional fields because the differences in management systems (conventional and organic) in our experiment would likely not affect air or soil temperature or soil moisture.
PLANT MEASUREMENTS. Before the first muskmelon harvest, three plants from each plot were excavated for measurement of vine length and plant biomass. All fruit were removed from vines and soil was removed from roots. In plots that had fewer than 10 living plants, only vine length was measured, thus retaining plants so that adequate harvest data could be collected. Vine length was measured from the base to the end of the vine. For plant biomass, plants were placed in paper bags and oven dried at 67°C for 5 d before weighing. Muskmelons were harvested at full slip, two to three times per week, from the 15 possible remaining plants. They were categorized as marketable if they weighed at least 2 lb, had adequate netting, and were free of damage caused by insects or pathogens. The number and total weight of marketable and nonmarketable (cull) melons were recorded for each plot. There were 12 harvests from 1 to 30 Aug. 'no rowcover'' plots. Three soil cores (1.5 inches diameter, 6 inches depth) were taken within the row in the plots to make one composite sample per plot. Soil was kept in a sealed bag in a cooler at 4°C until analysis. Soil samples were sieved using a 2-mm sieve. The sieve size was deemed appropriate instead of a more common 8-mm sieve (Karlen et al., 2013; Vance et al., 1987) because the sandy texture of the soil made it easy to sieve without much disturbance to the soil even with a smaller mesh size. Microbial biomass carbon was extracted using a chloroform fumigation extraction method with a procedure modified from that of the Vance et al. (1987) . In 2013, extracts were analyzed on an ultraviolet-persulfate total organic carbon (TOC) analyzer (Phoenix 8000; Teledyne Tekmar, Mason, OH). In 2014, a torch combustion TOC/TN analyzer (Teledyne Tekmar) was used. A conversion factor of 0.33 was used when calculating microbial biomass carbon. Statistical analysis Data were analyzed using PROC GLIMMIX of SAS (version 9.3; SAS Institute, Cary, NC). Years and management systems (organic and conventional) were analyzed separately. Replication was treated as a random factor. Mean separation was performed by ''lsmeans'' and ''pdiff'' statements using the Satterthwaite method. Unprotected least significant difference was used, thereby allowing for comparisons between treatments even without significant main effects or interactions. This was important because the main research question was not about the whole plot or subplot treatments themselves, but about how they interact.
Results
WEATHER.
Monthly rainfall amounts during the 2013 and 2014 growing seasons were similar to 20-year averages, except for unusually low rainfall amounts in Aug. 2013 (Table 2 ). Average monthly temperatures were similar to the 20-year averages, with cooler than normal weather in July 2014.
SOIL TEMPERATURE. Production system had a more consistent effect on soil temperature than did rowcovers (Table 3) . Before removal of rowcovers in 2013, plasticulture increased daily mean and maximum soil temperature compared with ST by 1.7 and 2.7°C, respectively, averaging across rowcover treatments. In 2014 before rowcovers were removed, plasticulture increased minimum and mean soil temperature by 1.7 and 2.0°C, respectively, and rowcovers increased minimum soil temperature by 1.0°C.
Once rowcovers were removed in 2013, production system did not affect soil temperature. In 2014, minimum and mean soil temperatures remained 1.2°C higher in plasticulture compared with ST after rowcovers were removed, and maximum soil temperatures in plasticulture plots were 1.4°C higher. After rowcover removal in 2014, the plasticulture plots that previously had rowcovers had cooler soil than the plasticulture plots that had never had rowcovers. There was no interaction between system and rowcover in either year. Rowcovers increased daily mean and maximum air temperature compared with treatments without rowcovers, and increased daily minimum air temperature in 2014 (Table 4) . Although rowcovers increased mean air temperature by 4.2 and 3.0°C in 2013 and 2014, respectively, maximum temperatures were increased by 11.7 and 6.1°C. Over both years, rowcovers reduced daily mean light intensity by 33% to 37% and daily maximum light intensity by 32% to 37%.
SOIL MOISTURE. Production system had no significant effect on soil moisture in 2013, as seen in Table 5 ; however, daily minimum, mean, and maximum soil moisture during the midseason period was marginally (P £ 0.1) higher in ST than in plasticulture. In 2014, ST plots had higher minimum, mean, and maximum daily volumetric water content throughout the entire season.
PLANT GROWTH. In 2013, there were interactions between the effect of production system and the effect of rowcover on plant biomass and vine length (Table 6) ; rowcovers more greatly increased melon plant biomass and vine length in plasticulture treatments than they did in ST treatments.
In 2014, rowcovers did not affect plant biomass or vine length Mean separation (by year in columns) based on least significant differences at P £ 0.05. NRC = no rowcover, S = system. NS, *, **, ***Nonsignificant or significant at P £ 0.05, 0.01, or 0.001, respectively, based on F test.
( Table 6 ). Plants in plasticulture had more biomass than those in ST in both the organically and conventionally managed fields, whereas plants in plasticulture had longer vines only in the organically managed field. YIELD. Production system had a significant effect on marketable muskmelon yield; plants grown in plasticulture produced more than those grown in ST in both years in the organic and conventional fields (Table 7 ). In the organically managed field, plasticulture treatments produced 7128 and 6732 lb/acre more melon than ST in 2013 and 2014, respectively. In the conventionally managed field, plasticulture treatments produced 9900 and 9108 lb/ acre more melon than ST in 2013 and 2014, respectively. Rowcovers had a significant effect on the yield only in the 2014 organic field, where ST with rowcover produced 4465 lb/ acre more melon than ST without rowcover. There was no interaction between production system and rowcover in regard to yield. Based on mean separation, the ST with rowcover treatment never produced an equivalent yield to either of the plasticulture treatments in the organically or conventionally managed fields in either year. However, in the conventional field in 2013, the ST without rowcover treatment produced the same yield as the plasticulture with rowcover treatment.
The average weight of each fruit was unaffected by production system except in the organic field in 2014, when melons from plants grown in plasticulture were 0.5 lb heavier on average than those from plants grown in ST. Rowcovers increased the average weight of melons in both years and in both organically and conventionally managed fields by 0.6 to 0.9 lb, except in the conventional field in 2014 when rowcovers had no effect.
For nonmarketable (cull) weights in the 2013 organic field, there was an interaction between production system and rowcover, where rowcovers increased cull weights to a greater degree in plasticulture than in ST. In the 2014 organic field, both plasticulture and rowcovers increased cull weights and there was no interaction. In the conventional fields, rowcovers increased cull weights in both years. A large percentage of yield loss caused by insect damage on fruit was because of a sudden influx of cucumber beetles close to harvest for which insecticides were not applied.
Discussion
Soil temperatures were more affected by production system early in the season in 2013 when rowcovers were installed compared with later in the season when rowcovers had been removed. This could be due to the melon plants vining out and covering the surface of the black plastic as the season progressed, thus blocking solar radiation from heating the plastic mulch surface.
In previous studies, spunbonded rowcovers increased mean soil temperature at depths of 2.5 cm (Nair and Ngouajio, 2010), 5 cm (Motsenbocker and Bonanno, 1989) , and 10 cm (Ibarra-Jim enez et al., 2004; Soltani et al., 1995) . We did not see a strong effect by rowcovers on soil temperature at a depth of 6 inches. This was confirmed by Wolfe et al. . NS, *, **, ***Nonsignificant or significant at P £ 0.05, 0.01, or 0.001, respectively, based on F test.
• August 2015 25(4) (1989), as they also did not see significant differences at the similar depth of 15 cm. The soil in this study was a well-drained coarse sand, so one might expect the soil temperature to respond more quickly to temperature fluctuations than it would in a heavier soil; however, this was not observed at a depth of 6 inches. Soil temperature has been shown to be a predictor of vegetative growth in muskmelon (Jenni et al., 1996) and may be a better predictor of yield than air temperature (Ibarra et al., 2001) .
Rowcovers increased maximum daily air temperature to a point that has been shown to be detrimental to muskmelon plants. Jenni et al. (1996) found that damage to muskmelon may occur when air temperature exceeds 40°C; this threshold was exceeded by 1.3 to 2.3°C in no-rowcover treatments, and by 8.4 to 13.0°C in rowcover treatments, depending on the year. Similarly, Ibarra et al. (2001) found that maximum air temperature under rowcovers reached 51.2 to 52.6°C as opposed to 37.2°C in plots with no rowcover; they saw no positive effect of rowcovers on muskmelon yield. This suggests that the weight of rowcovers used in our experiment, 0.9 oz/yard 2 , perhaps contributed to higher than optimal air temperatures. If high temperatures appear to be damaging plants, we recommend using a rowcover that does not trap as much heat, such as a thinner spunbonded material or a nylon mesh. In addition, rowcovers could be removed or opened during hot periods; however, this would limit their usefulness in insect exclusion.
Since the muskmelons were grown in the summer and in full sun, the decreased light intensity under the rowcovers likely did not negatively affect their growth. Perring et al. (1989) found that only muskmelon grown under spunbonded rowcovers in the fall, as opposed to the spring, experienced yield loss. However, Nair and Ngouajio (2010) found that cucumber (Cucumis sativus) grown under a thick rowcover (60% light transmission) sometimes produced lower yields than those grown under a light rowcover (85% light transmission). It is hard to differentiate between the effect of temperature and light intensity, as thicker rowcovers trap more heat and block more light.
Strip tillage can increase soil moisture compared with conventional tillage without plastic mulch (Haramoto and Brainard, 2012) , in part because organic residue on the ground in ST can decrease evaporation (Johnson and Hoyt, 1999) . However, in this study, it is doubtful that the thin cereal rye mulch prevented more evaporation within the plant row than the film of plastic in plasticulture plots. Because we planted cereal rye in October, as opposed to the preferable September planting date to accommodate soybean harvest and because of the sandy soil at our site that lacks nutrients and organic matter, the cereal rye stand in both years was not thick enough to completely cover the soil after rolling. This not only allowed weeds to grow between rows, but also allowed for more evaporation and soil warming than would have been observed if the cereal rye residue had been thicker.
Whether in a reduced or conventional tillage system, organic mulches can help maintain greater soil moisture than plots covered in plastic mulch. Organic mulches allow rain to penetrate, whereas plastic films deflect most rainfall (Schonbeck and Evanylo, 1998) . Both production systems in this study received the same amount of irrigation through drip tape, but most rainfall could not reach the plants in the plasticulture system, leading to more moisture in soils in ST (Table 5 ). If irrigation is limited or nonexistent in a certain farm setting, ST could provide a substantial benefit to muskmelon by allowing rain infiltration while minimizing evaporation.
Given that rowcovers, especially when combined with plasticulture, increased plant biomass in 2013, we do not believe the high temperature under the rowcovers negatively affected vegetative growth. This contradicts the assumption that air temperatures over 40°C would have a negative effect on vine growth as suggested by Jenni et al. (1996) . However, in 2014, rowcovers did not increase plant biomass or vine length. This was unexpected, as daily maximum air temperatures in 2013 in rowcover treatments were higher than those in 2014, and both were well over 40°C (Table 4) .
The significant interaction between system and rowcover in 2013 may have occurred because plots were not weeded until just after rowcovers were removed so as to not favor the no-rowcover treatment. There were few weeds under the rowcovers in plasticulture plots, but weeds in ST plots did become problematic by that point in the season. Because of this, the rowcovers had a positive effect in plasticulture, but weed competition may have precluded this increase in melon plant biomass in ST. The same weeding protocol was used in 2014; however, the interaction was not observed. Plant biomass and vine length of plants in ST with rowcover were the same as for plants in plasticulture without rowcover for both fields in both years with only one exception. This finding shows that ST can produce plants of similar size to those grown in a plasticulture system through the use of rowcovers.
In our study, plasticulture treatments produced higher marketable yields than ST across both years in conventional and organically managed fields. The only instance when rowcovers increased marketable yield compared with no-rowcover treatments was for organic ST plots in 2014 (Table 7) . This supports the claim that soil temperature may be more important for muskmelon plant growth and yield than air temperature (Ibarra et al., 2001 ), because plasticulture systems tended to increase soil temperature at a 6-inch depth, while rowcovers rarely affected it. Even though rowcovers should provide protection from insects and insect-transmitted diseases (Saalau Rojas et al., 2011) , the treatment of ST with rowcovers did not ever produce an equivalent yield compared with plasticulture without rowcovers. The benefit that rowcovers have to offer may change from year to year depending on weather conditions, disease presence, and which, if any, insecticides are used after rowcover removal.
A reduction in tillage has been shown to increase soil microbial biomass over time (Karlen et al., 2013; Overstreet and Hoyt, 2008) , indicating an improvement in soil health. We hypothesized that there would be higher soil microbial biomass carbon in ST treatments compared with plasticulture; however, we did not see a consistent difference in soil microbial biomass carbon between production systems (data not shown). In fact, the only significant difference we observed was in the 2013 conventionally managed field, where there was higher soil microbial biomass carbon in the plasticulture treatment than in ST treatment. This could be attributed to soil incorporation of cereal rye cover crop residue in the spring, providing microbes with an abundant source of carbon. It would likely take many years of reduced tillage to cause a measureable increase in soil microbial biomass carbon.
Planting date and soil type limited our ability to achieve a thick cereal rye mat, and results from a system with a thicker stand of cereal rye may be different. Studies have found that spunbonded rowcovers can increase marketable muskmelon yield (Cline et al., 2008) and increase early muskmelon yield (Motsenbocker and Bonanno, 1989) . However, given that the system of rolled cereal rye depends on abundant biomass production and, especially in organic systems, the termination of cereal rye at anthesis stage to achieve successful termination, planting muskmelon early enough to capture the early season market would be challenging, even with rowcovers.
Conclusions
The goal of a ST system in rolled cover crops is to generate optimal z 1 lb/acre = 1.1209 kgÁha -1 , 1 lb = 0.4536 kg. y Mean separation in columns based on least significant differences at P £ 0.05. RC = rowcover, NRC = no rowcover, S = system. NS, *, **, ***Nonsignificant or significant at P £ 0.05, 0.01, or 0.001, respectively, based on F test.
• August 2015 25(4) cover crop biomass to provide weed control and moisture retention throughout the growing season. However, this often leads to delayed melon planting, as growers are supposed to wait until cereal rye reaches anthesis stage for effective termination using a roller crimper. This leads to challenges in early season melon production in a rolled cereal rye system. Because there is potential for building soil health through longterm reduction in tillage, ST remains an important area of research. Rowcovers could be a useful tool in transitioning to reduced tillage systems. In this study, rowcovers did not increase marketable muskmelon yield, but did increase fruit weight and plant biomass. Controlling weeds remains a challenge in ST muskmelon production because of the slow vine growth and canopy closure, so achieving thick cereal rye mulch in ST is important, though it may prevent early planting.
